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'if Ijfi'it'rl vf Monostincharides c 


awrf Derivative*. Part IV. 1 
Sulphate. \* 

i^fe;V^ V; »y J. K. Tukvkv ami;i\ 1>. Williams. 



n-ilalactose 4-(siKliiiiii sulphate) has l>ccn synthesised by two definitive 

ed with those' of D-galactosc 6-(sodium 

polysaccharides of red algae contain residues 
ir sulphuric acid ester groupings. 2 Evidence from 
alkali suggests that some of these sulphate groups are 
units. 3 Despite this evidence, galactose 4-suIphate 
hyclro^-sis -products of these polysaccharides nor been 
now report definitive s3-nthescs of this sugar sulphate 

followed, both somewhat analogous to that used in 
-a-nietlianesulphonylgalactose. 4 In the first route, methyl 4,6-0- 

is benzylatcd, to give the 2,3-di-O-benzyl derivative, 
group (acid-acetone), and subsequent triphenyhnethvl- 

thylgalactoside was sulphated at 
iction required longer treatment 


owing to the axial orientation of 
the favoured chair conformation. 



; -V-t 'j^iV^'.r^or vloctropht>ri'sis. Some properties of the synthetic sugar s 
^^i^^^/^ v r :^ • Tahk . ;IIU | compared with those of galactose G-sulphatc. 

k ; li . Properties of galactose 4- and G-(sodiuin sulpl 

- , . <■ • ■ * u *' . i •■ • 5 • . • •: ■ / 


isolated as the sodium salt 

which followed the 
-D-galactopyranoside replaced the 

sulphated 
4-sulphate 
by chromatography 
ulphate are listed in the 


- V, 


■ 1 1 


tlphate). 

in solvents • 

*Su B .ir sulphate [ a ]„ («) (6) ( c ) f 

- < iatat brse 4-(sutliiuti sulphate) -: 5S-4°, -f-5l>*7° 0-27 0-28 2 09 1*04 

.(;al:irt«»so »» (sodium sulphate) +47° 0-13 0*15 1-97 1-32 

* {a) liat in l-n| ethiiuol -water (5 : I :4,liwul.); (l>) ethyl acetate-acetic acid-water (6 * 3 * 2 „ T 
/«•>.): (.-) l>iilaii-l-ol-eth:uto!-w;iter (3:1:1. by vol.) containing 3% (w/v) of cetylpyridinium 
chloride, t I" U lM-lKiratc buffer (pH 10*0). 3 r3 

The evidence on which the sulphate group is assigned to the 4-position, apart from the 
stop-wise method of synthesis, is as follows, (i) The elcctrophoretic mobility, M a (104), 
in borate buffer is less than that of galactose U-, glucose or glucose 3-sulphate which 
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- -jiff; --valurs. 1*32, 1*2(5, and 1*27, respectively. Substituents on the 4-position 
i >f gluoisc or g; da*; lose arc known to decrease the elect roph ore tic mobilities in borate 
buffer. 6 (ii) The infrared spectrum of each specimen showed an absorption peak at 
^ cm." 1 and no peak in the region S20 — 830 cm." 1 Tn the latter region, peaks are shown 
^M^f^&M-by galactose 0- and glucose 3-sulphatc. The occurrence of a peak at 850 cm." 1 in the 
ff|spectra of various galactan sulphates has been ascribed to the presence of an axially 
"lorionted 4-stdphate group in the galactose residues. 7 (iii) On periodate oxidation in 




'■I 



i^i^wfh^^, pressure. 

::irt^^ Galactose 4-(S»dinut Sulphate) {First Route). —Methyl 2$-di-0-benzyt-±£-0-bcnzylideiie-$-n- 

202°, 
(40 g.) and 
give the 

^ fi |\^t t^; II, C^II^O, requires C. 72 7; It, <» -55%). 

Methyl 2,:Mi-i)-tn'uzyt-^-u-s;aiactopyranosiiie. Kemoval of the bcnzyliclcne grouping was 
fe'^ l^V V attempted by heating the preceding product (00 g.) under reflux with 12x-hydrochloric acid 

(2*ii ml.) in acetone (!»00 ml.) and \vatcr (100 ml.) for 3 hr. After the mixture had 
neutralised and evaporated to dryness, the product was dissolved in ethanol but some 
trting material crystallised. The ethanol solution was therefore evaporated to dryness and 
then relluxrd for 2 hr. in a mixture of O-iMx-hydrochloric acid (100 ml.) and acetone (700 ml.). 




||Pfvin pyridine (350 ml.) was heated at 100° for S hr. with triplienyhnethyl chloride (15 g.). Tlie 
ftlM niixturc was then cooled to and poured into iced water (1 1.) containing an excess of sodium 
Spl|i hydrogen ca donate. The syrup which separated solidified in 5 in in. and was then extracted 
y^fewith chloroform. The extract, dried and evaporated to dryness, was freed from triphcnyl- 
lllf methanol by -Km tig dissolved in hot ethanol to which water was added to a faint turbidity. 
* I On cooling, the triphenvhmthyl ether separated and was recrystaltiscd from ether-light petroleum 
Mbi p. 40— CO ). giving needles (IS%), m. p. 103—104°, [aj D S0 -13*2° (c 0*4 in CHC1J (Found: 
Kti? 7 ' 5 :' u * 15 r 4n l l 4n D c requires C, 77 S»; 11, «•«-•-»%)." 
^M^^'Sttlphathu-^ The triplienyhnethyl ether (4-5 g.) was tree 


eatcd 5 with pyridinc-sulphur tri- 


y^^m^^i<^ ■• Itoiivcnj* and LiiiillxM-g. A eta Cheat. Seautt.. 10. I2S3. 

'^I^^^^?ik r lnUrr, JUachint. tlfaphys. Acta. 1054. 14, 173; Moyil, .Podgson, 


Vrkc, and Rose, ibid.. 19G1, 46, 
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-V . remove? ethanol and pyridine, water being nil tiff I to main Lain the volume. Ihe crude product,. 

'which had separated, was washed wilh water and dissolved in ether, ami the solution was dried 
S and concentrated to a syrup. This was precipitated from ether (500 ml.) by addition of light 

500 ml.), non-sulphatetl material remaining in solution. The white. 


m ' ^" * 


I 



• * . V :£L, - 
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requires 

nickel (at 20° and at 00°), platinum oxide, and palladium-charcoal, but only the last-named 
effected appreciable reduction. The barium salt (2 g.) w as therefore hydrogenated at 1 atm. 
in 80% ethanol (75 ml.) over 5% palladium-charcoal 11 (2 g.) for 10 hr. The catalyst was 
removed and was washed with 80% ethanol, and the combined filtrate and washings were 
evaporated to dryness. The hydrogenation was then repeated with fresh catalyst (2 g.). The 
product was extracted with water, and the extracted material (880 mg.) examined by paper 
chromatography. The main product was still only partly hydrogenated but traces of a 
galactoside sulphate were also present. The mixture (3'Q~ HK* .1 was treated with the ion- 
exchanger Zco-Karb 225 (Xa + form), and the resulting sodium salt was heated in 0-lN-sulphuric 
acid for 1 hr. at 100°. Neutralisation with barium hydroxide, removal of insoluble salts on the 
centrifuge, and evaporation gave a product (270 mg.) containing galactose, galactose mono- 
sulphate, and methyl p-galactoside. The galactose 4-(sodium sulphate) (sample 1) was separated 
by chromatography on thick paper. The yield was 52 mg., and [a] D I# +58-4° (c 0-9 in H s O) 
flound: S, 11*5. C 6 H n XaO & S requires S. 11*4%). The sulphate was readily distinguished 
from galactose G-(sodtum sulphate} by its Ity values in the solvent systems named in the Tabic 
. '«*for (c) see Rees as well as by its Sf G value in borate buffer (see Table). 

^Galactose 4-{Sodium Sulphate) (Second Route).— Benzyl 4,6-0~benzylidene-$-i>-ga?acto- 
pyranosidc. Benzyl 3-n-galactopvranoside, prepared from l-bromo-2,3,4,6-tctra-0-acetyI--Jc-D- 
galactose and benzyl alcohol by Fischer and llclferich's method," had m. p. 99—100°, [a] D 18 
&---27*2° (lit-. 1 * m. p. 100 — 101", —25-05°). The galactoside (50 g.) was shaken with zinc 
chloride and benzaldehyde, and the product isolated by Klemer's method. 15 Benzyl 4,C O- 
lniizvlideue-$-i>-galactasitle crystallised % from acetone as needles (60 g.), m. p. 209 — 210°, [a] D 20 
p : te<4° (c 0-7 in CI ICl a ) (Found: C. 07 0; II. 01. C sn U u 0 9 requires C, 67 0; H, 6*2%). 
W? Benzyl * »/A~di-G~ben\vl~4J}~0-ben2ylidene-p-D-ga The preceding product 

(50 g.) was stirred at 100 under anhydrous conditions with powdered potassium hydroxide 
(50 g.) and benzyl chloride (80 ml.). After 1 hr. the mixture solidified and more benzyl chloride 
(25 ml.) was therefore added. After being stirred for a further 2 hr. at 100°, the mixture was 
cooled and iced water (500 ml.) was stirred in. The solid was removed by filtration and washed 
with water until no longer alkaline, then washed with light petroleum and dried. Recrystallis- 
; at ion from acetone gave needles of the '2 ,3-di benzyl ether (08-9 g.), m. p. 169-5 — 170*5°, [a] 0 20 
i-2-3'(ct»*SinCIICy (bound: C. 700; 11,05. C al H M O a requires C, 75*8; H. 6-4%), 


^*ra»^J^T Iteinvl 2^\-di-<)-lM$t:\l-3-iy-galactopyranoside. The last-mentioned dibenzyl ether (50 g.) 
^S^ r &^'\v;w-1ivdrolvsca by IJell and I-orbers method." The product (39 g.), rccrystalliscd from 
>^Kp acetone-light petroleum (b. p. 40- 00°). had m. p. 110—117°. [a^" -17*0° (c 0*6 in CHCI 3 ) 
^^m(l;uimd: C.. 72*3; If. 0-5. C s? ll 3u O c requires C, 72 0; H, 6*7%). 

. Benzyl »2-di-Q-benzytA\-Q~triphevylniefo^^^ The last product (32 g.) 

81^^ »" tlr >* pvriilinc (300 ml.) was heated at 100° ft>r 1 hr. with triphenylmethyl chloride (28 g.), then 
^ _<**totj\ a ' nt | . M i t | lH j to j cet j wa tor (2-5 I.). After 2 hr.. the product was removed by filtration and 



IpPhl-uund: C, 79-4; II. 0*3. C w H l4 O tf requires C. 79-7; H. 0*4%). 
^gitJ^r'Y^' Sttlphation. The triphenylmethyl ether (5 g.) was sulphated with pyridine-sulphur tnoxide 
(5 g.) for 24 hr. at 05- -70^ and the product isolated as described above, giving an amorphous 
f^' '^ sulphated derivative (3-5 g.; barium salt). This product {I gj in 80% ethanol (75 ml.) was 

■» Org, Smth.. 1940. 26. 7S. 

;UH). 

iiW/ii. 191 1. 383. 6S. 

113. 156. 330. 
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hydrogenalcd at f. for I'.' I.r. over fl- palladium- charcoal » 0 g.) a total of t"»r_timc g 

The final Kvruii was extracted will, water, ami the rxlra.:ts wen: cva|M .rated In a syrup (-;>.( rug.) 
contain^ galact.*e and its ^(barium sulphate). The galactose r; ,l ^? tC W 
rhroinito»raphv on thick paper and converted into the sodium sail with /co-Ivarb 2J.» <:*a 
tm) l^ULt«- 4-(J.Uum sulphate, (sample 2. 87 mg.) had Wff " +.W-7" <c IMS m H a O 
(Found: S. 1 10. Calc. for tyi u Na0 9 S: S, ,11 -4%). This product was identical in ff K and 

8 nig.) was oxidised in 
periodatc consumed measured 



Timo (lu*. - ) 

l¥riodatc consumed (nml.) 


I-7.T 
1*90 


2-75 
2-01 


4-25 
2-05 


. 7-r» 

2-12 


After 4 hr a portion (I ml.) of the mixture was withdrawn for estimation of formic acid 
liberated." The amount found was 0 95 mol. Sample 1. similarly oxidised, gave the follow- 
ing results: 


.1. » 


Time (hr.) ° * 

IVriodate consumed (inol.) I* 1 


20 
1-7 


90 
1-98 


25 


98 
4-33 


312 
fi-43 


~ ... i 


We thank Professor S. Peat for his interest. Dr. A. G. IJoyd and Dr. D. A. Rees for the 
measurement nf infrared spectra, and the Ihpartmrut ..f Scientific and Industrial Research 
for a grant (to T. P. W.). 
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408. Dissolution of Metals and Alloy*. Part II. 1 The Dissolution of 
Iron, Cobalt, and Copper, and of Some Nickel-Copper Alloys %n 
Solutions of Sodium Pcrsul])hate. 

Hy G. C. Bond and G. Webr. 

• ■ - ' Iron, copper, and cobalt foils dissolve in solutions of sodium persulphate 

Y • near room temperature, their reactivity decreasing in the order listed. Rates 
• free from transit -limitation resulted nit use of M-solutions and rotation of 
the foils at r.0l> r.p.m.. and the following activation energies were found: l«c, 
i;.r»; Co. 11-9; Cu, 11-2 kcal. mole ». Rates of dissolntion of the three metals 
have l>ecii measured over at least the concentration range 01— 1m, with 
rates of rotation of zero. 250. and 500 r.p.m. at three temperatures, and the 
results have been interpreted. 
, Nickel is unreactivc. 

The activation energies for the transport-free dissolution of mckcl-coppcr 
allovs fall with increasing nickel content to a limiting value of 7-2 kcal. mole" 1 
which holds for nickel contents between 40 and 90%. The rates vary 
irrutivmallv from one alloy to another owing to development of different 
degrees of surface roughness. The rate-limiting step, for both alloys and 
metals, is probably the transfer of an electron therefrom to a persulphate ion. 

' In Part 1 1 wo described preliminary experiments on the dissolution of copper in solutions 
containing persulphate ion: these 'were performed to assess whether tins reaction could 
be used for studying the role of electronic factors in dissolutions. It was predicted that 

. rates free from transport-limitation should be obtainable near room temperature, at high 
concentrations of persulphate ion (- m). and with rapid stirring (500 r.p.m.). 
» Part I. Bond. Hill, and Trnnison, J., 19f.9. 33. 
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